The source of serum cytokine-induced neutrophil chemoattractant (CINC-1) and consequences of its presence in the tissue of synthesis have not been clearly elucidated under acute-phase situation. To pursue this question, turpentine oil (TO) was intramuscularly injected into rats, and RNA and local protein levels of acutephase cytokines and of CINC-1 were studied in the TO injected gluteal muscle, as well as in noninjured muscle, in the liver, kidney, lung and spleen. The serum levels of acute-phase mediators and of CINC-1 were measured together with total leukocyte subpopulations. Recruitment of inflammatory cells in muscle and in the other organs was investigated by quantitative immunohistochemical methods. The effect of acute-phase mediators, including interferon gamma (IFN-c) on the synthesis of CINC-1 in cultured hepatocytes was also investigated at the RNA and protein level. We found that the sera of the TO-treated rats contained elevated levels of IL-6, IL-1b and CINC-1. Increased serum levels of IFN-c were also observed not only in the injured muscle but also and to a higher extent in the liver. However, while neutrophils and mononuclear phagocytes were found in the injured muscle, no inflammatory cells were detected at the non-'inflamed' site, namely, the liver or in the other organs. In vitro, treatment of cultured hepatocytes with IL-1b led to elevated CINC-1 gene expression. This was true to a lesser extent upon IL-6 and tumor necrosis factor (TNF-a) exposure. Interestingly, IFN-c did not effect CINC-1 gene expression. These results indicate that CINC-1 behaves as an acute-phase protein and its expression is inducible in hepatocytes. However, CINC-1-production in the liver does not lead to recruitment of inflammatory cells into the organ.
Synthesis of chemokines in hepatocytes has been observed in the setting of inflammation of both acute and chronic liver diseases. [1] [2] [3] [4] [5] [6] Release of some chemokines from hepatocytes is considered to be responsible for recruitment of inflammatory cells. 1, 4, [7] [8] Conversely, several cytokines and growth factors have been shown to regulate chemokine gene expression in hepatocytes. 4, [9] [10] [11] [12] [13] Such cytokines (interleukins-(IL)-1 and -6, tumor necrosis factor-a (TNF-a) and interferon-g) are released during the acute-phase reaction. [14] [15] In such cases, increased serum levels of IL-8 (or in the rat, cytokine-induced neutrophil chemoattractant-1, CINC-1) have been observed. 2, [4] [5] [6] [14] [15] [16] [17] [18] [19] [20] [21] [22] Hence, the question can be raised as to whether specific cytokines induce or are induced by hepatic inflammation.
In a general sense, local injury and inflammation are accompanied by a systemic acute-phase response (APR), which is characterized by systemic leukocyte mobilization, fever, and changes in serum levels of glucocorticoids, cytokines, and liverderived acute-phase proteins (APPs). 22 Increased IL-8 serum levels are associated with several inflammatory processes, including genitourinary infections (bacterial vaginosis and vaginitis), 17 periodontitis, 21 and iatrogenic situations as cardiopulmonary bypass 18 and ischemia/reperfusion of the liver during liver transplantation. 16 Inflammatory cells infiltrating the area of injury are known to be recruited from the blood by chemokine mediators released at the site of injury. 23 In turn, inflammatory cells are responsible for production of cytokines, specifically, the major acute-phase (AP) mediators (IL-6, IL-1b, TNF-a and interferon-g), which are released into the blood [24] [25] [26] [27] and can act distantly on intact organs, predominantly on the liver. 28 In the liver, AP-cytokines induce or increase the synthesis of many structural and secretory proteins, called positive APP. [24] [25] [26] [27] Synthesis of some other proteins (negative acutephase proteins) is decreased at the same time. 15 In the rat, CINC-1 is an 8-kDa proinflammatory peptide and a member of the CXC family of chemokines, with potent chemotactic activity towards neutrophils. 29, 30 In addition to nonparenchymal cells such as Kupffer cells, liver parenchymal cells (hepatocytes) have been reported to produce CINC-1 in hepatic inflammatory processes. 8, 12, 31, 32 CINC-1 protein is also released by the liver in response to different chemical injuring agents. [33] [34] [35] CINC-1 is the rat homologue of the human growthregulated gene (GRO) of the IL-8 family. 1, 32, 36 CINC-1 does not show any sequence similarity with human IL-8, but the function of CINC-1 closely resembles the human IL-8. 1 Consequently, CINC-1 is considered as a rat equivalent of IL-8. 37 In this report, we utilized the model of a sterile abscess induced in skeletal muscle of the rat by injection of turpentine oil (TO) 27, 28, [38] [39] [40] to study the expression of acute-phase cytokines and of CINC-1 at the injury site, and in noninjured muscle and in other organs including liver, lung, kidney and spleen. The serum levels of released mediators, including interferon-gamma (IFN-g) and of CINC-1 were measured together with the tissue infiltration of total leukocytes as well as of neutrophils, monocytes and lymphocytes. Recruitment of inflammatory cells was quantified by morphometric methods. Tissue integrity was elucidated by histological and immunohistochemical methods, as well as by measurement of serum levels of marker enzymes. We also tested the effect of acute-phase mediators such as IFN-g on the synthesis of CINC-1 in cultured rat hepatocytes.
We found that CINC-1 is not only synthesized at the site of injury as it is for IL-6, IL-1b, TNF-a and IFN-g, but also, and even more importantly, in the liver. In the liver the major site of CINC-1 synthesis was the hepatocyte under the effect of the acutephase cytokines, mainly IL-1b and IL-6. CINC-1 synthesis alone seems not to be sufficient to induce recruitment of inflammatory cells into the liver; it also appears to be insufficient for other organs outside of the site of injury.
Materials and methods

Animals
Male Wistar rats (about 200 g body weight) were purchased from Harlan-Winkelmann (Borchen, Germany) and kept under standard conditions with 12-h light/dark cycles and access to fresh water and food pellets ad libitum. All animals received humane care in accordance with the institution's guidelines, the German Convention for Protection of Animals and the National Institutes' of Health guidelines.
Materials
All chemicals were of analytical grade and obtained from commercial sources as indicated: pentobarbital sodium (Narcoren) from Merial (Hallbergmoos, Germany). TO was purchased from the University Pharmacy Goettingen (Goettingen, Germany). Media M199, collagenase type I and fetal calf serum were from Biochrom (Berlin, Germany). Nycodenz was obtained from Nyegaard (Oslo, Norway), agarose, guanidine isothiocyanate, Sybr Green Mix and Taq DNA-polymerase were from Invitrogen (Karlsruhe, Germany). L-glutamine was from PAA (Linz, Austria); cesium chloride from Paesel and Lorei (Frankfurt, Germany). All other reagents and chemicals were from Sigma-Aldrich Chemie (Munich, Germany) or Merck (Darmstadt, Germany).
Antibodies
Rabbit polyclonal antisera against human myeloperoxidase (MPO) and neutrophil elastase (NE) were purchased from DakoCytomation (Copenhagen, Denmark). Mouse anti-rat ectodysplasin-1 (ED1) monoclonal antibodies were from Serotec (Duesseldorf, Germany) and mouse monoclonal antibody against b-actin was obtained from SigmaAldrich Chemie. Horseradish peroxidase (HRP)-conjugated anti-rabbit immunoglobulin from Amersham Pharmacia Biotech and rabbit anti-mouse-HRP or swine anti-rabbit-HRP immunoglobulins from DakoCytomation were used as secondary antibodies.
Induction of Acute-Phase Reaction
An acute-phase reaction was induced by injection of 5 ml/kg TO into the right (0.5 ml) and left (0.5 ml) hind limb gluteal muscles of ether-anesthetized rats; control animals received saline injection. Animals were killed at time points, ranging from 30 min to 48 h after TO administration under pentobarbital anesthesia. Hind limb muscle including the TOinjected area, noninjured hind limb muscle distant from the TO injected area, and noninjured fore limb muscle, were excised, as were liver and other organs. Tissues were rinsed with physiological saline, frozen in liquid nitrogen and stored at À801C until use. 28 
Measurements of Blood Cell Counts and Serum Enzyme Levels
At time points ranging from 30 min to 48 h after TO administration, blood samples from the inferior vena cava were collected from control and treated CINC-1 release by the noninjured liver N Sheikh et al rats and were used for blood cell counts and serum analysis of enzyme activity measurements by standard routine diagnostic methods.
Enzyme-Linked Immunosorbent Assay (ELISA)
Blood samples were allowed to clot overnight at 41C and centrifuged for 20 min at 2000 g. Serum was removed and stored in aliquots at À201C. Serum IL-6, IL-1b, TNF-a, IFN-g and CINC-1 were determined using specific ELISAs standardized with respective recombinant proteins (R&D Systems, Wiesbaden, Germany), according to the manufacturer's instructions.
Tissue Sections and Immunohistology
For histology and immunohistochemistry, tissue specimens from injured and normal muscle, liver and other organs were rinsed with 0.9% NaCl and snap-frozen in liquid nitrogen. Five micrometer cryostat sections were air-dried, fixed with methanol (-201C, 10 min) and acetone (-201C, 10 s), and stored at -201C. After inhibition of endogenous peroxidase by incubating the slides with phosphate buffered saline (PBS) containing glucose/glucose oxidase/sodium azide, they were treated with FCS for 30 min to minimize nonspecific staining. The sections were incubated in a humidified chamber with the first antibody directed against NE, MPO and ED1 diluted in PBS at the ratio of 1:100 for 1 h at room temperature. Negative controls were incubated with normal mouse serum instead of the first antibody. After washing, the slides were covered with peroxidase-conjugated anti-mouse immunoglobulin preabsorbed with normal rat serum to avoid crossreactivity. Slides were washed and incubated with PBS containing 3,3 0 -diaminobenzidine (0.5 mg/ml) and H 2 O 2 (0.01%) for 10 min to visualize immune complexes. Nuclei were counterstained with Meyer's hemalum solution before slides were mounted with coverslips.
Quantitative Analysis of the Immunohistochemical Reactions
Neutrophil elastase and ED1 positive cells were quantified in the inflamed muscle at the site of the TO injection, and also in the same tissue distant from the injection site. In the same animals, the fore limb muscle was used as 'non-injured muscle' and the above-mentioned reactions were quantified in other organs as well. In the liver, the periportal and pericentral areas were distinguished. The sampling was based on previously published methods. 41 Images of immunohistochemical reaction were taken by an Axiovert 200 M (Zeiss, Jena, Germany) microscope equipped by a high-resolution Axiocam camera. The scales of the taken images were calibrated using calibration specimens provided by Zeiss, in this regard, the surface area of positive reaction was compared to the whole surface of the taken image. The quantitative analysis was performed by the Axiovision software of Zeiss. Additionally, positive cells were counted in relation with the whole-cell number using ImageJ software (Wayne Rasband, NIH, USA). In all quantitative immunohistochemical analysis, 15 randomly obtained images from the investigated sections were analyzed at all examined time points and also functionally different areas (like periportal, pericentral liver, etc) were taken into consideration. The quantitative measurements in TO-treated animals at different time points were compared to salinetreated controls. In order to decide the statistical significance of the observed differences Student's t-test and one-way analysis of variance (ANOVA) were used.
Preparation of Tissue Homogenates
About 100 mg of frozen tissue was homogenized with an Ultra-Turrax TP 18/10 three times for 10 s each in 10 volumes of 50 mM Tris-HCl buffer, pH 7.4, containing 150 mM sodium chloride, 1 mM ethylenediaminetetraacetic acid, 1% Triton X-100, 1 mM phenylmethanesulfonyl fluoride, 1 mM benzamidine, 1 mg/ml leupeptin, 10 mM chymostatin, 1 mg/ml antipain, 1 mg/ml pepstatin A. The entire procedure was carried out at 41C. Crude homogenates were passed five times through a 22 G needle applied to a syringe, centrifuged for 5 min at 10 000 g, 41C and the protein concentration was determined in supernatants using the BCA protein assay reagent kit (Pierce, Bonn, Germany). Aliquots of the homogenates were stored at -201C until use. Tissue homogenates were used for CINC-1 specific ELISA.
Isolation and Culture of Rat Liver Cells
Hepatocytes were isolated from male Wistar rats by circulating perfusion with collagenase as described previously 42, 43 with slight modifications. [44] [45] [46] [47] Briefly, after anesthesia, the rat liver was perfused through the portal vein with CO 2 -enriched calcium-deprived Krebs-Ringer buffer (120 mM NaCl, 4.83 mM KCl, 1.2 mM MgSO 4 Á 7H 2 O, 1.2 mM KH 2 PO 4 , 24mM NaHCO 3 ) containing 0.25 mM EDTA (pH 7.4), and then digested with perfusion solution (pH 7.4) containing Krebs-Ringer buffer, 0.05% collagenase, 4 mM calcium chloride and 15 mM HEPES for 7-12 min at 371C under recirculating conditions. The liver was excised, mechanically disrupted and rinsed in washing buffer (pH 7.5) containing Krebs-Ringer buffer (without NaHCO 3 ), 20 mM HEPES and 0.4% BSA. Hepatocytes were then resuspended in the culture medium (M199 supplemented with 2 g/l BSA, 20 mM NaHCO 3 , 10 mM CINC-1 release by the noninjured liver N Sheikh et al HEPES, 1 nM insulin, 100 nM dexamethasone, 100 U/ml penicillin and 100 mg/ml streptomycin), plated onto 60-mm Falcon tissue culture dishes at a density 2 Â 10 6 cells per dish and incubated at 371C in humid atmosphere containing 95% humidity and 5% CO 2 . Fetal calf serum (5%) was present during the plating phase up to 4 h, afterward the cells were cultured under serum-free conditions. Kupffer cells were isolated from rat liver as described previously, 48 plated to Falcon 1.5 mm tissue culture dishes, and used for experiments 24 h after plating.
Isolation of Total RNA
Total RNA was isolated from rat tissues by means of guanidine isothiocyanate extraction, cesium chloride density-gradient ultracentrifugation and ethanol precipitation, according to the method of Chirgwin, 49 as described elsewhere. 24 Alternatively, total RNA was isolated from cultured cells using the NucleoSpin s RNA II kit (Macherey-Nagel) with DNase treatment, 50 according to the manufacturer's instructions. The RNA obtained was quantified by measuring the absorbance at 260 nm and used for reverse transcription with subsequent real time RT-PCR 51 or subjected to Northern blot analysis.
52
Quantitative Real-Time RT-PCR, Northern Blot
The cDNA was generated by reverse transcription of 1 mg of total RNA with 100 nM of dNTPs, 50 pM of primer oligo (dT) 15 , 200 U of moloney-murineleukemia virus reverse transcriptase (M-MLV RT), 16 U of protector RNase inhibitor, 1 Â RT buffer (Invitrogen) and 2.5 ml of 0.1 M DTT for 1 h at 401C. Expression of CINC-1, IL-6, IL-1b, TNF-a and IFN-g was analyzed using Platinum sybr Green qPCR mix UDG. 53 bActin and Ubiquitine C were used as endogenous control. Primer sequences used are given in Table 1 .
The amplification was performed at 95-601C for 45 cycles in an ABI prism 7000 sequence detection system. 54 All samples were assayed in duplicate. The results were normalized to the endogenous control and fold change expression was calculated using Ct values, and comparisons to experimental controls.
For Northern blot analysis total RNA was separated by agarose gel electrophoresis, transferred onto a nylon membrane and finally hybridized with specific a 32 P-labelled dCTP labeled cDNA probes. Rat CINC-1 cDNA probes were synthesized by using specific primers: forward: AATGAGCTGCGCTGT CAGT reverse: GGACACCCTTTAGCATCTTTTG (Probes were labeled with random priming Promega, Madison, WI, USA).
Statistical Analysis
Data are presented as means7s.e.m. The level of significance was set to Po0.05, statistical analysis was performed with Student's t-test and one-way ANOVA.
Results
Assessment of Circulating Levels of Different Leukocyte Subpopulations, and Enzyme Serum Levels in TO-Treated Rats
The circulating levels of total leukocytes, monocytes, neutrophils, and lymphocytes were analyzed throughout the 48-h time course. The number of circulating blood neutrophils rapidly increased reaching the maximum 4 h after TO injection, then fell below the basal levels at 36-48 h. The number of circulating monocytes in the blood of TO-treated rats exhibited a pattern of increases and decreases, but a clear pattern of change did not emerge ( Figure  1a ). The number of total leukocytes was decreased with increasing time interval after the treatment; the reduction was caused by the dropped levels of lymphocytes in the blood of TO-administrated rats (Figure 1b) .
The serum level of creatine kinase (CK), the marker of muscle tissue damage, was highly elevated above control values as early as 30 min after administration of TO, returning to below the baseline by 2 h. A secondary peak at 24 h was observed (Figure 2a) . The increase at the early timepoints was found to be statistically significant by Student's t-test (P ¼ 1.77 Â 10 À5 ) analysis, and during the whole-time course by one-way ANOVA (Po10 À4 ). Serum activity of aspartate aminotransferase (AST) was found to be elevated 24 h after TO 
Evaluation of the Serum Level of CINC-1 and of Acute-Phase Cytokines in TO-Treated Rats
We found a highly significant increase of serum CINC-1 level (Po0.001) from 2 to 24 h after the onset of acute-phase, with a maximum level at 6 h, and reaching a 15-fold increase (Po0.001, with Student's t-test) above the control levels ( Figure 3a) . Statistically significant increases were found in the IL-6 serum concentration (Po0.05) with a maximum at 6 h (12.5-fold increase), and in the IL-1b concentration at 6-12 h (three-fold increase, statistically significant, Figure 3b ). IFN-g levels increased twofold above of the control 12 h after the TO-treatment, and TNF-a serum concentration was not changed (Figure 3c ). The detectable increases of serum concentration of the measured cytokines and of CINC-1 occurred with the following kinetics: IL-1b (already increased 1 h after TO-administration), CINC-1; IL-6 (2 h), IFN-g (12 h).
Tissue Damage and Leukocyte Recruitment was Found Only in the TO-Injured Muscle
Despite the elevated levels of AST, usually considered as a potential marker of hepatocellular injury, hematoxylin-eosin staining of the liver sections from TO-treated rats did not reveal morphological changes indicating tissue damage within the observed period after TO-treatment (Figure 4) . Similarly, hematoxylin-eosin staining in other organs like lung, kidney and spleen did not reveal morphological changes (see Supplementary material In contrast, in the injured muscle, at the site of TO-injection significant morphological changes were observed, including the increase of inflammatory cell density among the muscle fibres ( Figure  4b ), which was most prominent 24 h after the TOinjection. The recruitment of neutrophil-elastasepositive-cells was already significant 2 h after TO injection (Figure 5c ; P ¼ 0.017 with Student's t-test compared to saline-treated control), reaching its maximum 24 h after TO injection. At all time points after TO-treatment, the neutrophil elastase immunohistochemical reaction was significantly higher in the injured muscle than in the saline-treated controls, and in the non-injured fore limb muscles (P ¼ 3 Â 10 À4 -0.02, with one-way ANOVA and Student's t-test).
Similarly, ED1 positive cells were recruited to the site of injury, maximally at 24 h after TO-injection. As demonstrated in Figure 6e , the ED1-positive reaction was significantly lower at 400 mm from the site of injection (P ¼ 0.013 with Student's t-test). At 24 h after TO-injection, the recruitment of ED1-positive cells to the site of injury and also 400 mm further from it, reached statistical significance (P ¼ 10 À4 at the site of the injection, and P ¼ 10 À3 400 mm from it; with Student's t-test compared with saline-treated controls). In the noninjured fore limb muscles of the TO-treated rats, no change of the number of ED1 þ cells was found (Figure 6c) .
Expression of CINC-1 mRNAs and Protein, and mRNA Expression of Acute Phase Cytokines in Injured Muscle and Liver of TO-Treated Rats
Intramuscular injection of TO led to a local inflammation and injury of the muscle followed by generalized APR, as previously described. 28 As revealed by real-time RT-PCR, CINC-1 mRNA was induced not only in the injured muscle at the site of TO-injection but also and even to a higher extent in the liver (Table 2a; shown graphically in Figure 7a ). The upregulation of CINC-1 mRNA was observed in the injured muscle and in the liver already 2 h after TO injection. The maximum induction of CINC-1 mRNA occurred at 4-6 h after TO injection (about 40-fold in the muscle and more than 260-fold in the liver when compared to values at t ¼ 0 h). The same induction pattern was detectable at protein level using tissue lysates (Table 2a, Figure 7b ). CINC-1 Figure 3 Serum concentrations of CINC-1 (a), IL-6 and IL1-1b (b); and TNF-a and IFN-g (c) throughout the 48-h time course after TO treatment. The serum levels of CINC-1, IL-6, IL1-b, TNF-a and IFN-g were measured in sera of TO-treated rats at indicated time points after intramuscular TO injection using respective specific ELISAs. Statistically significant changes (Po0.05) are marked with asterisks. Results from three animals for each time point (mean7s.e.m.).
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concentration per mg of wet tissue increased in the liver 2 h after TO injection and it was 5.66-fold higher than in the injured muscle. This increase was associated with an increase of CINC-1-protein level in the serum (Figure 3a) .
As revealed by real time RT-PCR analysis, mRNA level of IL1-b and TNF-a were significantly elevated in the liver, reaching their maximums 4-6 h after TO administration, about four-and three-fold respectively, whereas IL-6 was not upregulated (Table 2b , Figure 7c ). However, in the injured muscle, IL-6 mRNA levels were significantly upregulated up to 2000-fold 4-6 h after the treatment with TO. 28 At the same time, IL-1b mRNA was induced to about 425-fold, whereas statistically nonsignificant changes in TNF-a mRNA levels were observed (Figure 7d) .
In summary, CINC-1 gene expression in the liver was upregulated 2 h after the intramuscular TOinjection, and reached the maximum 6 h after the TO-injection. Hepatic IL-1b and TNF-a but not IL-6 gene expression were upregulated, reaching their maxima 6 h after the TO-injection. In the injured muscle after TO-treatment, CINC-1 was similarly upregulated as in the liver, but to a lower extent, and reached a maximum 6 h after the TO injection. IL1-b and TNF-a were upregulated to a higher extent than in the liver, reaching their maximum 6 h after the TO injection, and IL-6 was about 2000-fold upregulated.
In the serum of TO-treated animals, highly elevated IL-6 and elevated IL-1b levels were found (Figure 3b) , with similar kinetics as their mRNA expressions in the injured muscle. Interestingly, the early increase of IL-1bÀserum levels (1 h) was correlated more with the increase of mRNA expression in the liver (1 h) than in the injured muscle (Figures 3b, 7c, and d) . CINC-1 release by the noninjured liver N Sheikh et al compared to untreated controls, upon exposure to maximal doses of IL1-b and IL-6 (1000 ng/ml), respectively. In contrast, TNF-a at the same doses was only able to induce CINC-1 mRNA expression in primary hepatocytes about two-fold compared to control levels. It is worth noting that all acutephase cytokines induced a rapid increase of CINC-1 mRNA expression, which was apparent 20 min after the beginning of the treatment (not shown).
The differences in mRNA expression were clearly detectable by Northern blot analysis as well ( Figure  8b, c and d) .
Given that serum levels of IFN-g did not increase after TO-injection of muscle (Figure 3c ) nor did mRNA levels of INF-g in injured muscle (Figure 7d) , we evaluated whether IFN-g had any synergistic effect on the actions of other acutephase cytokines. TNF-a, IL1-b and IL-6 applied separately to isolated hepatocytes in culture all induced CINC-1 mRNA expression, as detected by real-time RT-PCR ( Figure 9a ) and Northern blots (Figure 9c,d) . IFN-g alone did not induce significant changes in the CINC-1-gene expression (Figure 9a) . Likewise, IFN-g applied in combination with IL1-b, IL-6 or TNF-a had no additional effect (Figure 9b) . The mRNA expression patterns in hepatocytes after cytokine treatments were followed by a similar protein release pattern measured by ELISA in the supernatants of the treated cells (Figure 9e) .
In isolated rat Kupffer cells the CINC-1 expression was 24.2-fold higher than in the isolated hepato- 2 examined tissue surface in the liver, injured muscle at the site of injection, and 400 mm away from it, and in noninjured fore limb muscle of TO-treated rats related to saline-treated controls (mean7s.e.m.). (Table 3) . Interestingly, in the serum of TOtreated rats, the IL-6 was the highest induced cytokine. Although it stimulated the CINC-1 expression in isolated rat hepatocytes, IL-6 did not have a stimulatory effect on Kupffer cells (Ct-values did not change, Table 3 ).
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Discussion
The results of the current study demonstrate that after intramuscular TO-injection CINC-1 serum levels become elevated. This elevation is preceded by increases of the serum concentrations of IL-6 and In isolated rat liver hepatocytes, CINC-1-gene-expression could be upregulated by IL-1b and IL-6, while Kupffer cells showed a constitutive CINC-1-expression, higher than that of hepatocytes, which could not be further upregulated. These data suggest that the hepatocyte is the main source of the quick elevation of CINC-1 serum levels in the TO-induced acute phase condition namely 2-4 h after TOinjection of hind limb muscle. Both IL-6 and IL-1b may be responsible for such upregulation by directly interacting with the hepatocytes. While recruitment of inflammatory cells was observed in the inflamed muscle, no recruitment of inflammatory cells was seen in the saline-treated muscle, in the noninjured fore limb muscle, liver, lungs, kidneys and spleen of the TO-treated rats. Similar observations were recently published by Renckens et al. 55 stating that no histopathologic differences were observed between the lungs of mice following turpentine-injection or saline-injection of skeletal muscle.
TO is believed to induce aseptic local abscesses without detectable injury to other tissues. 27, 28, 39, 40 This is clearly different from agents inducing an acute systemic response, like the administration of bacterial endotoxin (lipopolysaccharide). 40 Thus, the TO-induced acute-phase response model allows studying the effect of cytokines produced at distant sites on the liver. It reproduces changes observed in human disease states. [16] [17] [18] [20] [21] [22] The current study suggests that CINC-1 is produced in the liver as an early acute-phase protein well before most of the other classical APPs, such as a1-acid glycoprotein, a1-proteinase inhibitor, and the major rat APP, a2-macroglobulin 56 and hemeoxygenase-1. 28 The CINC-1 expression in the liver occurred earlier than at the site of injury, and also to a higher extent. A low systemic effect of TO cannot be excluded, however, it is not accompanied by histologically detectable morphological changes in the liver or other organs (Figure 4 and Supplementary material).
At the site of injury a significant increase of the neutrophil elastase positive cells was found after 2 h TO injection, when the CINC-1 mRNA and protein expression increased as well. The recruitment of neutrophils was maximal 24 h after TO injection, perhaps explaining the secondary rise in serum creatine kinase at 24 h (Figure 2a) . However the CINC-1 expression had already decreased at this time, suggesting that neutrophil recruitment is not the primary cause of increased CINC-1 induction.
The in vitro experiments demonstrate that CINC-1 expression in hepatocytes is stimulated by acute-phase cytokines, mainly by IL-1b, and to a lesser extent by IL-6 and TNF-a. Kinetic experiments have shown that IL-1b, IL-6, and to a lesser extent TNF-a also were able to induce detectable increases of CINC-1 gene expression within 20 min after beginning in vitro stimulation of the hepatocytes (Figure 9 ). Thus, it is noticeable that IL-6 was detected at the highest serum concentration levels after intramuscular TO injection; its expression was increased in the injured muscle, but not in the liver. An earlier study proved that IL1b and TNF-a but not IL-6 induce the IL-8 expression in human hepatocytes. In contrast to our study, the authors did use cell lines and not primary cultures. 57 As IFN-g is known to induce some chemokines such as monokine induced by gamma interferon (MIG), or gamma-interferon inducible protein (IP-10), 58 we investigated IFN-g gene expression in the liver and injured muscle. In our model, IFN-g serum levels increased with a maximum of 12 h after the TO-injection, and its expression in the injured muscle also increased with a similar 31 a pyrrolizidine alkaloid plant toxin, monocrotaline that causes hepatotoxicity in humans and animals was intraperitoneally injected in rats, and produced timedependent hepatic parenchymal cell (HPC) injury, and inflammatory infiltrate consisting of neutrophils (PMNs). PMN accumulation was preceded by upregulation of CINC-1 and MIP-2 in the liver. Interestingly, inhibition of Kupffer cell function with gadolinium chloride significantly reduced CINC-1 protein in the plasma after MCT treatment, but had no effect on hepatic PMN accumulation. Depletion of PMNs prior to MCT treatment reduced hepatic PMN accumulation by 80%, but it had no effect on MCT-induced HPC injury, nor had inhibition of TNF-a synthesis. In the current study, hepatic CINC-1 synthesis is not followed by hepatic inflammatory infiltrate consisting of neutrophils, suggesting that CINC-1 is not sufficient alone to induce the recruitment of inflammatory cells outside of the site of injury, an additional candidate is MIP-2. 59 These results are further confirmed by the lack of recruitment of inflammatory cells into the liver in the acute-phase model of TO intramuscular injection, as shown in the present work.
On the other hand, the increased CINC-1 serum levels could be related to rapid increase of neutrophil counts in the blood, which might be due to rapid release of young cells from the bone marrow. 60 The lymphocyte counts showed decrease at the same time (Figure 1) . 60, 61 Similarly, in previous reports, significant leukocytosis and neutrophilia, and decrease of circulating lymphocytes, remaining below control levels through several days was observed after subcutaneous and intramuscular TO treatment of rats and dogs. [60] [61] [62] Monocyte chemotactic protein-1 and Gro-b, CINC-1 sequence related human chemokines have been implicated in the mobilization of leukocytes from the bone marrow. 63, 64 In addition to the local chemotactic activity, CINC-1 has mitogenic and antiapoptotic functions, 12 it promotes the liver cell survival by interfering with the mitochondrial pathway of apoptosis. 65 This may be the reason why the nature has provided the animal body with this additional defence mechanism, which is activated in case of tissue damage.
In conclusion, CINC-1 is a positive acute phase protein rapidly synthesized in the liver by hepatocytes through the action of acute phase mediators after induction of inflammation at distant sites. Systemic CINC-1 may not only serve to mobilize leukocytes from the bone marrow but it may also have an undefined protective effect in other tissues. IL1-1b (a, b) or IL-6 (a, c), the expression levels of CINC-1 reached several-fold increase compared to untreated controls. In contrast, TNF-a (a, d) used in the high doses only was able to induce CINC-1 mRNA expression in primary hepatocytes, to about two-fold compared to control levels. Results represent mean value7s.e.m. of three experiments (a). Northern blot analysis has been performed using pooled RNA from three separate experiments. Control hybridizations were performed using a specific probe for 28S rRNA.
CINC-1 release by the noninjured liver N Sheikh et al Figure 9 Kinetics of CINC-1 gene expression in hepatocytes stimulated with acute-phase cytokines analyzed with real time RT-PCR (a, b), northern blot (c, d) and ELISA (e). In hepatocytes treated with 500 ng/ml IL-1 (a, c), IL-6 (a, d), TNF-b and IFN-g, the expression levels of CINC-1 increased compared to untreated controls. The induction was detectable 20 min after the addition of the cytokines to the cells. On the other hand, neither interferon-g alone nor in combination with other cytokines (at concentration of 100 ng/ml of the used cytokines) induced significant changes in the CINC-1 gene expression (b), when compared to other cytokines alone (a). The mRNA expression patterns in hepatocytes after single cytokine treatments were followed by a similar protein release pattern measured by ELISA in the supernatants of the treated cells (e). Results represent mean value7s.e.m. of three experiments (a, b and e). Northern blot analysis has been performed using pooled RNA from three separate experiments. Control hybridizations were performed using a specific probe for 28S rRNA. The expression levels in this table are described by the Ct-values obtained in real time RT-PCR, and by the expression levels normalised with b-actin as an endogenous control. The basal CINC-1 expression in control liver and muscle was low, and in the liver it was higher than in the muscle. After injection of TO into muscle: CINC-1 expression reached in the liver 6.38 times higher levels than in the muscle, s.e.m. ¼ standard error of measurement. Results represent mean value7s.e.m. of three animals. a During a real-time PCR the number of cycle when gene expression of any specific gene under study reaches a predetermined threshold of detection is known as the 'Ct value'.
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